The present study was carried out in Kashmir (India) to assess the genetic variability for grain yield and component traits among 14 red rice ecotypes from temperate region (locally known as Zag for its coloured kernels) and correlation and path coefficients were also studied for fifteen agro-morphological characters. Genotypic and phenotypic coefficients of variation were high for grain yield, secondary branches per panicle and panicle weight; moderate for grain number per panicle, grain length:breadth (L:B) ratio and panicle density. High heritability accompanied by high to moderate genetic advance for panicle density, days to 50% flowering, plant height, grain number indicated the predominance of additive gene action for the expression of these characters. Grain yield was found to be positively and significantly correlated with number of tiller per plant, panicle density m -2 and number of grain per panicle at both genotypic and phenotypic levels indicating the importance of these characters for yield improvement in this material. The results of genotypic path analysis revealed that panicle density had the highest positive direct effect followed by plant height and days to flower. The overall results indicated that selection favouring higher panicle density, test weight and panicle weight and medium plant height with a reasonable balance for moderate grain number would help to achieve higher grain yield in this population of red rice ecotypes.
Introduction
Agriculture in developing countries plays a central role in securing livelihoods by providing food, clothes and medicine. In this context, rice (Oryza sativa L.) is the most important cereal crop of the world which is consumed as a staple food by over one-half of the world's population with approximately 95% of production in Asia (Bhattacharjee et al., 2002) . In the traditional growing areas of Asia, rice of various colors -red, purple, black, brown, yellow, and green -have been known and grown, but for the present-day generation, rice connotes pearly white grain. Their name refer to the kernel colour (black, red or purple) which is formed by deposits of anthocyanins in different layers of the pericarp, seed coat and aleurone (Chaudhary, 2003) . Colored rice have been preferred in the past for their special features such as medicinal value and exclusive taste. Flavored, black rice were the favorites of the royals of China, while red rice were preferred by people in many parts of India, Sri Lanka, and Bhutan (Oka, 1988) . Such rice includes many forms of genetic resources in relation to food and agriculture including wild and cultivated varieties and landraces. Landraces are products selected by farmers for their various forms of production benefits. Landrace is a variety bred and cultivated by farmers and adapted to local conditions. These have specific traits that satisfy specific needs but all components of the population are adapted to local climatic conditions, cultural practices, and disease and pests. Unlike distinct, uniform and stabilized modern varieties with wider adaptation, landraces are considered to have a narrow range of adaptation as they were developed through natural and human selection over time. Rice with a red bran layer is called red rice, though the color is confined to the bran layer, a tinge of red remains even after a high degree of milling. The color of the bran ranges from light to dark red. The bran layer contains polyphenols and anthocyanin, and possesses antioxidant properties. The zinc and iron content of red rices is 2-3 times higher than that of white rices (Rood, 2000) . With the sharp increase in lifestyle-related health issues and diseases -such as diabetes, cancer, and heart problems -scientists are looking at quality traits other than carbohydrates, protein, and fat in foodstuffs (Zhang et al., 2005) . Red rices have been found to have greater antioxidant property than black and white rices. With this rediscovery of their nutritive and medicinal value, red rices have begun to regain their old position and prestige. There is a revival of red rices in Japan, and new cultivars are being released that are suitable for preparations such as red sake, noodles, and rice cakes (Itani and Ogawa, 2004) . Red rice (locally known as Zag because of its coloured kernels) is one such land race of rice of Kashmir possessing the characteristic coloured pericarp and enhanced nutrient quality making it a prized variety in Kashmir valley. Therefore, the present investigation was undertaken for genetic evaluation of 14 morphologically distinct red rice ecotypes collected from temperate region sea level) in randomized complete block design with three replications. Thirty days old seedlings were transplanted with an inter-row and intra-row spacing of 20 cm and 15 cm, respectively. Recommended package of practices were followed for raising ideal crop stand. Observations were recorded on yield and its contributing characters. Five representative hills for each genotypes in each replications were randomly selected to record the observations for twelve quantitative traits viz., plant height (cm), number of tillers per plant, panicle length (cm), no. of primary branches per panicle, number of secondary branches per panicle, no. of grain per panicle, panicle weight (g), 100 grain weight (g) while data for days to 50% flowering, days to maturity and yield were recorded on per plot basis and panicle density per square meter. The mean data were put to statistical analysis for variability parameters (PCV, GCV, heritability and genetic advance) and correlation and path analysis as per methods given by Johnson et al. (1955) and Dewey and Lu (1959) , respectively.
Results and discussion
A wide range of variation was observed among all fourteen rice (Oryza sativa L.) ecotypes for fifteen quantitative characters as well as pericarp color which ranges from light cream to dark red (Fig. 1) . Analysis of variance showed significant difference among ecotypes for all the traits studied and revealed a wide range of variability (Tab. 1). Days to 50% flowering shows significant differences among all genotypes ranged from 80 to 97 days after sowing and for days to maturity which ranged between 124 to 129 days. Ecotype 'ZAG 6' found to be the early in maturity (121 days) while genotype 'ZAG2' was late in maturity (138 days). Plant height showed significant difference among all the genotypes. It ranged from 89.66 cm ('ZAG13') to 141.4 cm ('ZAG2').The number of tillers per plant ranges of Jammu and Kashmir, India. It is well known that breeding for yield component for increasing grain yield would be most effective, if the components involved are highly heritable and genetically independent or positively correlated with grain yield. However, it is very difficult to judge whether observed variability is highly heritable or not. So, knowledge of heritability is essential for selection based improvement as it indicates the extent of transmissibility of a character into future generations (Sabesan et al., 2009) . Since, grain yield and quality are complex characters and are associated with number of component characters, which themselves are interrelated. Such dependence often affects their relationship with yield, thereby making correlation ineffective. Further, there is a need for path analysis that permits the partitioning of the correlation coefficient into its components, one component being the path coefficient that measures the direct effect of a predictor variable upon its response variable; the second component being the indirect effect of a predictor variable on the response variable through another predictor variable. Therefore, the present study reports the extent of genetic variability, heritability estimates and degree of association of grain yield and yield related traits in red rice ecotypes grown under temperate conditions.
Materials and methods
The experimental material consisted of fourteen diverse cold tolerant local red rice ecotypes designated as 'ZAG1' , 'ZAG2' , 'ZAG3' , 'ZAG4' , 'ZAG5' , 'ZAG6' , 'ZAG7' , 'ZAG8' , 'ZAG9' , 'ZAG10' , 'ZAG11' , 'ZAG12' , 'ZAG13' and 'ZAG14' ( (136) and 'ZAG5' (120). The highest grain yield (67.5 q/ha) was observed in 'ZAG5' while the lowest grain yield (46 q/ha) was recorded in genotype 'ZAG10' . The genetic variability for panicle length and other panicle traits in different red rice ecotypes from temperate region of Kashmir is shown in Fig. 2 . The morphological features of all the ecotypes are presented in Tab. 2.
Phenotypic variance was higher than the genotypic variances for all the characters thus indicated the influences of environmental factor on these. The extent of the environmental influence on any character is indicated by the magnitude of the differences between the genotypic and phenotypic coefficients of variation. Sinha et al. (2004) also observed similar results and concluded that large differences reflect high environmental influence, while small differences reveal high genetic influence. Moderate to low genotypic and phenotypic coefficients of variation obtained for days to 50% flowering, days to maturity, plant height and panicle length these findings are further supported by Iftekharuddeula et al. (2001) . The small differences observed between genotypic and phenotypic coef- the ultimate effect for selecting superior genotypes for developing a variety. High heritability coupled with genetic advance was recorded for traits days to 50% flowering and maturity, plant height, panicle density, panicle weight, grain length, grain width and L: B ratio while moderate genetic advance was exhibited by primary branches per panicle, secondary branches per panicle, grain per panicle and 100 grain weight. Bhardwaj et al. (2007) have also reported high to moderate heritability and genetic advance for these traits that needs to be exploited by breeders for selecting superior genotypes.
Further, knowledge on interrelationship of grain yield with other characters is of paramount importance to the breeder for making improvement in complex quantitative character like grain yield for which direct selection is not much effective. In present study, association analysis revealed that the genotypic correlation coefficients were higher in magnitude than phenotypic correlation coefficients which are due to the masking effect of environment in genetic association between the characters. Grain yield was positively and significantly associated with panicle length (G=0.831, P=0.830), number of grains per panicle (G=0.356, P=0.352), number of tiller per plant (G=0.520, P=0.454), panicle density (G=0.340, P=0.317) at both genotypic and phenotypic levels (Tab. 3) indicating the importance of these characters for yield improvement. Therefore, direct selection of these characteristics would be undertaken for improv ing grain yield in this population of red rice ecotypes under temperate conditions. Significant positive relationship of these traits with grain yield have been documented in rice by earlier researchers (Siva Kumar and Kannan Bapu, 2005; Eradasappa et al., 2007; Sanghera and Kashyap, 2012) . It is also desirable to select genotypes with more productive tillers per plant with more panicle length having more number of grains because of their positive and significant associations with each other as evidenced in this study. The results pertaining to path ficients of variation on days to heading, days to maturity, plant height and panicle length indicate the presence of sufficient genetic variability for the traits which may facilitate selection (Yadav, 2000) for the improvement of these traits especially under temperate environment. The high to moderate differences between genotypic and phenotypic coefficients of variation observed in number of panicles density per square meter, number of tillers per plant, panicle weight, number of grains per panicle, 100 grain weight and grain yield indicate high influence of the environment on the traits which are in agreement with results have already been reported (Bhandarkar et al., 2002; Kuldeep et al., 2004; Sabesan et al., 2009; Jayasudha and Sharma, 2010) .
Heritability in broad sense is the relative magnitude of genotypic and phenotypic variances for the traits and plays a predictive role in selection procedures. This gives an idea of the total variation ascribable to genotypic effects, which are exploitable portion of variation. The heritability estimates among the traits studied ranged from 59.72 to 99.14% (Tab. 1). High to medium broad sense heritability estimates observed for days to heading, days to maturity, plant height, number of grains per panicle, panicle weight, panicle density per square meter. These results are in consonance with the findings (Babu et al., 2011; Prajapati et al., 2011; Idris et al., 2012) . It suggests high component of heritable portion of variation plays a vital role in deciding the suitability and strategy for selection of a particular character. The low broad sense heritability observed for the number of primary branches per panicle, secondary branches per panicle, panicle length and grain yield indicates the influence of the environment on manifestation of these traits. The low heritability recorded for these traits indicates that direct selection for these traits will be ineffective. Since high heritability does not always indicate high genetic gain, heritability with genetic advance considered together should be used in predicting Where, *, ** and significant at 1% and 5% level of significance, NS=non significant Note: DF= days to flower, DM= days to maturity, PH=plant height, NT= no. of tillers per plant, PD=panicle density M -2 , PB= no. of primary branches, SB= no. of secondary branches, NG/P= no. of grain per panicle, PL= panicle length, PW= panicle weight, GW=100 grain weight, GL=grain length, GB=grain breadth and GY= grain yield Tab. 4. Direct and indirect effects of fourteen agro-morphological characters on grain yield in red rice ecotypes from temperate region of Kashmir, India Note: DF= days to flower, DM= days to maturity, PH=plant height, NT= no. of tillers per plant, PD=panicle density, PB= no. of primary branches, SB= no. of secondary branches, NG/P= no. of grain per panicle,, PL= panicle length, PW= panicle weight, GW=100 grain weight, GL=grain length, GB=grain breadth, L: B= length breadth ratio and GY= grain yield coefficient analysis are appended in Tab. 4 revealed that day to flowering and panicle density exhibited high positive direct effect and significant positive association with grain yield followed by days to maturity and plant height at genotypic level. Results on importance of direct effect of number grain per panicles were also reported by several researchers (Siva Kumar and Bapu, 2005; Panwar and Ali, 2007; Panwar, 2006) . This indicates that, if other factors are held constant, an increase in days to 50 per cent flowering individually will reflect in an increased yield. The residual effect (0.075) was very low, indicating that much of the variation in yield has been accounted by the characters studied and that the choice of characters was appropriate.
The overall results indicated that there is adequate genetic variability present in the material studied. The broad sense heritability, genetic advance and correlation analysis of the study revealed that the number of panicles per plant, panicle weight and the number of grains per panicle were the most important yield components. These characters also showed moderate to high heritability and genetic advance as percentage of mean. Therefore, the results suggest that the number of panicles per plant, panicle length and the number of grains per panicle are important yield contributing traits and selection based on these traits would be most effective. It could be concluded that more emphasis should be given on days to 50% flowering, panicle length, panicle density, number of productive tiller per plant to bring simultaneous improvement of yield and it's attributes in local rice genotypes as they showed high correlation in addition to maximum direct effects on yield.
